4) 

Cross Mark 



organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

5-Amino-6-methylquinolin-1 -ium 
3-carboxypropanoate 

Kaliyaperumal Thanigaimani, Nuridayanti Che Khalib, 
Suhana Arshad and Ibrahim Abdul Razak** 

School of Physics, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia 
Correspondence e-mail: arazaki@usm.my 

Received 1 March 2013; accepted 8 March 2013 

Key indicators: single-crystal X-ray study; T = 1 00 K; mean cr(C-C) = 0.003 A; 
R factor = 0.066; wR factor = 0.200; data-to-parameter ratio = 17.0. 

The asymmetric unit of the title salt, CioH 11 N2 + -C4H 5 04 _ , 
consists of two independent 5-amino-6-methylquinolin-l-ium 
cations and two 3-carboxypropanoate anions. Both cations are 
protonated at the pyridine N atoms and are essentially planar, 
with maximum deviations of 0.026 (3) and 0.016 (2) A. In the 
crystal, the cations and anions are linked via N— H- ■ O and 
O— H- ■ O hydrogen bonds, forming a layer parallel to the ab 
plane. In the layer, weak C— H- ■ O hydrogen bonds and tt-jt 
stacking interactions, with centroid-to-centroid distances of 
3.7283 (15) and 3.8467 (15) A, are observed. The crystal 
structure also features weak C— IT ■ O hydrogen bonds 
between the layers. 

Related literature 

For background to and the biological activity of quinoline 
derivatives, see: Sasaki et al. (1998); Reux et al. (2009); 
Morimoto et al. (1991); Markees et al (1970). For related 
structures, see: Thanigaimani et al. (2013fl,fo,c); Loh et al. 
(2010); Sauer et al. (2008). For reference bond-length data, 
see: Allen et al. (1987). For stability of the temperature 
controller used for data collection, see: Cosier & Glazer 
(1986). 




Experimental 

Crystal data 

CioH 11 N2 + -C4H 5 04 
M r = 276.29 
Triclinic, PI 
a = 8.0784 (3) A 
b = 10.8234 (4) A 
c = 16.4366 (6) A 
a = 91.608 (2)° 
P = 101.039 (2)° 

Data collection 

Bruker SMART APEXII CCD 
area-detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
Tmin = 0.970, r maI = 0.984 

Refinement 

R[F 2 > 2a(F 2 )] = 0.066 

wR(F 2 ) = 0.200 

S = 1.04 

6733 reflections 

395 parameters 

2 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



Y = 105.782 (2)° 

V = 1352.49 (9) A 3 
Z = 4 

Mo Ka radiation 
li = 0.10 mm -1 
T = 100 K 

0.31 x 0.17 x 0.16 mm 



19941 measured reflections 
6733 independent reflections 
4669 reflections with / > 2a(l) 
R in , = 0.048 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.52 e A~ 3 

APmi,, = -0.35 e A~ 3 



D-H-A 




D—H 


H-A 


D- ■ A 


D-H-A 


NL4 


-H1N.4- ■ 


■04A 


0.88 (1) 


1.78 (1) 


2.667 (3) 


177 (4) 


NIB 


-H1NB- ■ 


■04B 


0.97 (3) 


1.71 (3) 


2.664 (3) 


170 (3) 


02A 


-HIOA- 


■04^1' 


0.83 (2) 


1.69 (2) 


2.520 (2) 


176 (3) 


02B 


-HlOB-- 


■04B' 


0.93 (4) 


1.60 (4) 


2.525 (2) 


179 (4) 


N2A 


-H2NA- ■ 


■03yt" 


0.99 (5) 


1.97 (5) 


2.931 (3) 


163 (4) 


N2A 


-H3NA- ■ 


■02B iu 


0.93 (4) 


2.11 (4) 


2.937 (3) 


149 (3) 


N2B 


-H2NB- ■ 


■02^l" 


0.87 (3) 


2.22 (3) 


3.037 (3) 


157 (3) 


N2B 


-H3NB- ■ 


■03B" 


0.87 (3) 


2.14 (3) 


3.001 (3) 


172 (3) 


CIA 


-HI A A- ■ 


■03A" 


0.95 


2.42 


3.343 (3) 


165 


C9A 


-H9AA- ■ 


■OL4 iv 


0.95 


2.37 


3.271 (3) 


158 


C1B- 


-H7BA- ■ 


03B" 


0.95 


2.31 


3.253 (3) 


169 


C8B- 


-H8BA- ■ 


03B V 


0.95 


2.51 


3.323 (3) 


143 


C9B- 


-H9B.4- ■ 


04B V 


0.95 


2.52 


3.388 (3) 


153 


Symmetry codes: (i) 
-x + 1, -y + 1, -z; (v) 


x + l,y,z; ( 
-x+ 1, —y + 1, 


ii) x,y + l,z; 
-z + 1. 


(iii) x — 1, y 


f 1, z; (iv) 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 

The authors thank the Malaysian Government and 
Universiti Sains Malaysia (USM) for research facilities and a 
USM Short Term Grant (No. 304/PFIZIK/6312078) to conduct 
this work. KT thanks the Academy of Sciences for the 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: IS5252). 
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5-Amino-6-methylquinolin-1 -ium 3-carboxypropanoate 

Kaliyaperumal Than igai man i, Nuridayanti Che Khalib, Suhana Arshad and Ibrahim Abdul Razak 
Comment 

Recently, hydrogen-bonding patterns involving quinoline and its derivatives with organic acid have been investigated 
(Thanigaimani et al, 20\3a,b,c; Loh et al, 2010). Syntheses of the quinoline derivatives were discussed earlier (Sasaki et 
al, 1998; Reux et al, 2009). Quinolines and their derivatives are very important compounds because of their wide 
occurrence in natural products (Morimoto et al, 1991) and biologically active compounds (Markees et al, 1970). 
Succinic acid derivatives are mostly used in chemicals, food and pharmaceuticals (Sauer et al, 2008). In this paper, we 
present the X-ray single-crystal structure of 5-amino-6-methylquinolin-l-ium hydrogen succinate (I). 

The asymmetric unit of the title salt consists of two crystallographically independent 5-amino-6-methylquinolin-l-ium 
cations (A and B) and two 3-carboxypropanoate anions (A and B) (Fig. 1). Each 5-amino-6-methylquinolin-l-ium cation 
is essentially planar, with maximum deviations of 0.026 (3) A for atom C5A in cation^ and 0.016 (2) A for C8B atom in 
cation B. In the cations, protonation of atoms N1A and NIB lead to a slight increase in CIA — N1A — C9A [123.1 (2)°] 
and C1B— NIB— C9B [123.3 (2)°] angles. The bond lengths (Allen et al, 1987) and angles are normal. 

In the crystal packing (Fig. 2), the ion units are linked by Nl A— H1NA-04A, NIB— H1NB 04B, 02A— 
H10A-O4A, 02B— H10B-O4B', N2 A — H2NA- ■ -03 A", N2A— H3NA-02B 1 ", N2B — H2NB ■ ■ • 02 A' and N2B — 
H3NB - 03B" hydrogen bonds (symmetry codes in Table 1), into a three-dimensional network. Furthermore, the crystal 
structure is stabilized by C7A — H7 AA- • -03 A", C9A— H9AA-01A iv , C7B— H7BA -03B 11 , C8B— H8BA -03B V and 
C9B — H9BA-- 04B V hydrogen bonds (symmetry codes in Table 1) and n—n stacking interactions between the centroids of 
ClA-C6A(Cg2), N1B/C6B-C9B/C1B (Cg4) rings and C1A-C6A, C1B-C6B (Cg5) rings, with Cg2-Cg4 and 
Cg2-Cg5 distances of 3.7283 (15) and 3.8467 (15) A, respectively. 

Experimental 

Hot methanol solutions (20 ml) of 5-amino-6-methylquinoline (39 mg, Aldrich) and succinic acid (29 mg, Aldrich) were 
mixed and warmed over a heating magnetic stirrer hotplate for a few minutes. The resulting solution was allowed to cool 
slowly at room temperature and crystals of the title compound (I) appeared after a few days. 

Refinement 

O- and N-bound H atoms were located in a difference Fourier maps. Atoms HlOB, H2NA, H3NA, H1NB, H2NB and 
H3NB were refined freely, while atoms HlOA and H1NA were refined with a bond restraint O — H = 0.82 (1) A and N — 
H = 0.87 (1) A [refined distances: 02A— HlOA = 0.834 (10) A, 02B— HlOB = 0.92 (4) A, N1A— H1NA= 0.883 (10) 
A, N2A— H2NA= 0.98 (5) A, N2A— H3NA= 0.93 (4) A, NIB— H1NB = 0.96 (3) A, N2B— H2NB = 0.87 (3) A and 
N2B — H3NB = 0.88 (3) A]. The remaining H atoms were positioned geometrically (C — H = 0.95-0.99 A) and were 
refined using a riding model, with C/j S „(H) = 1.2C/ eq (C) or 1.5 [/ eq (methyl C). A rotating-group model was used for the 
methyl group. Three outliers were omitted (-4 -7 7, -1 -7 12 and -4 -7 6) in the final refinement. 
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Computing details 

Data collection: APEX2 (Broker, 2009); cell refinement: SAINT (Broker, 2009); data reduction: SAINT (Broker, 2009); 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008) and PLATON (Spek, 2009). 

03A 




Figure 1 

The asymmetric unit of the title compound with atom labels with 50% probability displacement ellipsoids. 




Figure 2 

A crystal packing of the title compound, viewed along the a axis. H atoms not involved in the intermolecular interactions 
(dashed lines) have been omitted for clarity. 
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5-Amino-6-methylquinolin-1 -ium 3-carboxypropanoate 



Crystal data 

CloHnN2 + 'C4H504 

M r = 276.29 
Triclinic, PI 
Hall symbol: -P 1 
a = 8.0784 (3) A 
b = 10.8234 (4) A 
c= 16.4366 (6) A 
a = 91.608 (2)° 
p= 101.039 (2)° 
y= 105.782 (2)° 
V= 1352.49 (9) A 3 

Data collection 

Broker SMART APEXII CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and to scans 

Absorption correction: multi-scan 
(SADABS; Broker, 2009) 



■ 0.970, T m 



0.984 



Z = 4 

7^(000) = 584 

D x = 1.357 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 5690 reflections 

6 = 2.4-29.7° 

/i = 0.10mm-' 

T= 100 K 

Block, orange 

0.31 x 0.17 x 0.16 mm 



19941 measured reflections 
6733 independent reflections 
4669 reflections with I > 2a(I) 
R mt = 0.048 

#max = 28.5°, 6 m i n = 1.3° 

h = -10->10 
/t = -14_>14 

/ = -21-»22 



Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F > laiF 1 )] = 0.066 

wR(P) = 0.200 

5= 1.04 

6733 reflections 

395 parameters 

2 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = l/[a 2 (F a 2 ) + (0.0947P) 2 + 1.0362P] 

where P = (F a 2 + 2F 2 )/3 
(A/(7) max < 0.001 
Ap max = 0.52 e A~ 3 
Ap min = -0.35 e A" 3 



Special details 

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat 
(Cosier & Glazer, 1986) operating at 100.0 (1) K. 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > aiF 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and 7?-factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



y 



Tl *ITJ 



N1A 



0.1452 (3) 



0.6288 (2) 



0.13378 (13) 



0.0263 (4) 
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0.7268 


0.8611 


0.0508 


0.045* 
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HI Ob 


A O AO A 

O.o0z4 


A AA1 1 




A 1 AAO 

0.1 09z 


A f\A C * 

0.04 




HI Or 


v.jy 1 1 


A A/1 1 O 

0.943a 




O.Oo/O 
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0.04 




(Jib 
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A A A C\H 1 / 1 /C\ 

0.449/1 (lo) 




A A 1 AC) /I 1\ 

0.4303Z (11) 


A AO CO ( A \ 

0.0Z38 (4) 




Ann 

OzB 


1.2173 (2) 


0.27375 (18) 




A OCA/'O /"ION 

0.35962 (13) 


A AT O O / A \ 

0.0333 (4) 




03B 


0.5817 (2) 


0.19433 (15) 




0.37244 (11) 


A A1/"/l / A\ 

0.0264 (4) 




U4J3 


a on /on 


A TOO/11 / 1 C\ 

0.3oo43 (id) 




A O *7AT") / 1 1 \ 

0.3 /0/z (11) 


A AO A O / A\ 

0.0z4o (4) 




cub 


1 1 o >i /o \ 

1.1346 (3) 


0.3473 (2) 




A OAAC/" / 1 A \ 

0.39056 (14) 


A AO O A SC\ 

0.0220 (5) 




C12B 


A m T c /o \ 

0.9375 (3) 


0.2871 (2) 




0.36983 (16) 


A AO C C /r\ 

0.0255 (5) 




T-T1 0 C 


A Ct(\K\ 

o.yu ly 


Aim 




a a mo 
VAVZZ 


U.U31 




tillu 


a a a 1 a 

o.yoio 


A O C /TO 

0.2562 




A 1 1 A 1 

0.3101 


A AT 1 sk 
0.03 1* 




CUB 


A Ol A A {1\ 

0.5340 (3) 


U.3 /55 (2) 




A *5 OOA1 /1 /:\ 

0.35503 (16) 


0.0232 (5) 




H13C 


a oon 
0.5529 


A A A (\H 

0.449 / 




0.3511 


A AO C»* 

0.025* 




Hi 3D 


o.o /yu 


A A 1 Hf\ 
0.41 /U 




A A A £0 

U.440Z 


a mc* 




C14B 


0.6382 (3) 


0.312s (2) 




a ncc/i / 1 a\ 
0.3 /564 (14) 


A A 1 AO ( A \ 

0.0199 (4) 




H1UA 


0.56/3 (lo) 


A 1 A 1 /I \ 

0.3U1 (3) 




A 1 A A 

0. 144 (2) 


A A A 1 iC\ \ * 

0.041 (9)* 




H1UB 


1 TIC /c\ 

1.335 (5) 


0.31 / (3) 




A O £ A ZO\ 

0.364 (2) 


A AC! / 1 A\* 

0.053 (10)* 






0 1 ?S I'd"! 


0 ^444 C1 1 "1 






0 041 fQN* 




H2NA 


0.136(6) 


1.074(4) 




0.208 (3) 


0.082 (14)* 




H3NA 


0.127 (5) 


1.084(4) 




0.303 (2) 


0.061 (11)* 




H1NB 


0.574 (4) 


0.551 (3) 




0.369 (2) 


0.053 (10)* 




H2NB 


0.660 (4) 


1.079 (3) 




0.197 (2) 


0.036 (8)* 




H3NB 


0.593 (4) 


1.069 (3) 




0.272 (2) 


0.039 (9)* 




Atomic displacement parameters (A 2 ) 




U n 


U 22 IP* 










N1A 


0.0259 (11) 


0.0269(11) 0.0281 


(11) 


0.0100 (9) 


0.0065 (9) 


0.0043 (9) 


N2A 


0.0424 (14) 


0.0305 (12) 0.0329 


(13) 


0.0111 (10) 


0.0050(11) 


-0.0046 (10) 


CIA 


0.0206 (12) 


0.0312 (13) 0.0244 


(12) 


0.0068 (10) 


0.0019 (9) 


0.0008 (10) 


C2A 


0.0267 (13) 


0.0321 (13) 0.0295 


(13) 


0.0065 (11) 


0.0047 (10) 


0.0036 (10) 


C3A 


0.0348 (15) 


0.0394 (15) 0.0244 


(13) 


0.0082 (12) 


0.0018(11) 


0.0051 (11) 


C4A 


0.0261 (13) 


0.0426(15) 0.0227 


(12) 


0.0062(11) 


0.0014(10) 


-0.0046(11) 


C5A 


0.0234 (12) 


0.0295 (13) 0.0276 


(13) 


0.0039 (10) 


0.0015 (10) 


-0.0025 (10) 


C6A 


0.0186(11) 


0.0321 (13) 0.0216 


(12) 


0.0059 (9) 


0.0010 (9) 


0.0014 (9) 


C7A 


0.0250(12) 


0.0325 (13) 0.0268 


(13) 


0.0095 (10) 


0.0038 (10) 


0.0033 (10) 


C8A 


0.0317(14) 


0.0441 (15) 0.0229 


(12) 


0.0119(12) 


0.0069 (10) 


0.0043 (11) 


C9A 


0.0310(14) 


0.0399 (15) 0.0264 


(13) 


0.0126(12) 


0.0071 (11) 


-0.0008 (11) 


C10A 


0.062 (2) 


0.0485 (18) 0.0275 


(15) 


0.0143 (16) 


0.0089 (14) 


-0.0036 (13) 


OlA 


0.0267 (9) 


0.0261 (9) 0.0340 


(10) 


0.0112(7) 


0.0106 (8) 


0.0074 (7) 


02A 


0.0184 (9) 


0.0324 (10) 0.0374 


(10) 


0.0120 (7) 


0.0080 (7) 


0.0139(8) 


03A 


0.0216 (9) 


0.0238 (9) 0.0424 


(11) 


0.0076 (7) 


0.0035 (8) 


0.0056 (7) 


04A 


0.0204 (8) 


0.0232 (8) 0.0414 


(11) 


0.0097 (7) 


0.0083 (7) 


0.0048 (7) 


C11A 


0.0209 (11) 


0.0252 (12) 0.0200 


(11) 


0.0081 (9) 


0.0049 (9) 


-0.0003 (9) 


C12A 


0.0202(11) 


0.0248 (11) 0.0270 


(12) 


0.0113 (9) 


0.0053 (9) 


0.0078 (9) 


C13A 


0.0195 (11) 


0.0241 (12) 0.0324 


(13) 


0.0062 (9) 


0.0052 (10) 


0.0035 (10) 


C14A 


0.0181 (11) 


0.0256 (12) 0.0235 


(11) 


0.0068 (9) 


0.0003 (9) 


0.0035 (9) 


NIB 


0.0232 (10) 


0.0232 (10) 0.0229 


(10) 


0.0078 (8) 


0.0014 (8) 


0.0043 (8) 


N2B 


0.0323 (12) 


0.0225 (10) 0.0264 


(11) 


0.0090 (9) 


0.0086 (9) 


0.0059 (9) 


C1B 


0.0187(11) 


0.0223 (11) 0.0232 


(12) 


0.0071 (9) 


-0.0014 (9) 


0.0002 (9) 


C2B 


0.0269 (12) 


0.0225 (11) 0.0258 


(12) 


0.0113 (10) 


0.0027 (10) 


0.0017(9) 
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0.0193 (8) 


0.0234 (8) 


0.0336 (10) 


0.0098 (7) 


0.0049 (7) 


0.0025 (7) 


cub 


0.0212(11) 


0.0254(11) 


0.0218 (11) 


0.0119(9) 


0.0022 (9) 


0.0028 (9) 


C12B 


0.0202(11) 


0.0262 (12) 


0.0303 (13) 


0.0095 (9) 


0.0023 (9) 


-0.0028 (10) 


C13B 


0.0191 (11) 


0.0220(11) 


0.0315 (13) 


0.0100 (9) 


0.0061 (9) 


0.0033 (9) 


C14B 


0.0218 (11) 


0.0228 (11) 


0.0177(10) 


0.0099 (9) 


0.0050 (9) 


0.0021 (8) 



Geometric parameters (A, °) 


N1A — C9A 


1.331 (3) 


NIB— C9B 


1.326 (3) 


N1A— CIA 


1.371 (3) 


NIB— CIB 


1.378 (3) 


N1A — H1NA 


0.883 (10) 


NIB— H1NB 


0.96 (3) 


N2A— C5A 


1.342 (3) 


N2B— C5B 


1.361 (3) 


N2A— H2NA 


0.98 (5) 


N2B— H2NB 


0.87 (3) 


N2A — H3NA 


0.93 (4) 


N2B— H3NB 


0.88 (3) 


CIA— C2A 


1.409 (4) 


CIB— C2B 


1.396 (3) 


CIA— C6A 


1.419(3) 


CIB— C6B 


1.426 (3) 


C2A— C3A 


1.377 (4) 


C2B— C3B 


1.382 (3) 


C2A— H2AA 


0.9500 


C2B— H2BA 


0.9500 


C3A— C4A 


1.384 (4) 


C3B— C4B 


1.398 (3) 


C3A— H3AA 


0.9500 


C3B— H3BA 


0.9500 


C4A— C5A 


1.412(4) 


C4B— C5B 


1.402 (3) 


C4A— CI OA 


1.517(4) 


C4B— CI 0B 


1.510(3) 


C5A— C6A 


1.442 (3) 


C5B— C6B 


1.437 (3) 


C6A— C7A 


1.408 (3) 


C6B— C7B 


1.412(3) 


C7A— C8A 


1.377 (4) 


C7B— C8B 


1.377 (3) 


C7A— H7AA 


0.9500 


C7B— H7BA 


0.9500 


C8A— C9A 


1.383 (4) 


C8B— C9B 


1.401 (3) 


C8A— H8AA 


0.9500 


C8B— H8BA 


0.9500 


C9A— H9AA 


0.9500 


C9B— H9BA 


0.9500 


CI OA— HI OA 


0.9800 


CI 0B— H10D 


0.9800 


CI OA— HI 0B 


0.9800 


CI 0B— H10E 


0.9800 


CI OA— H10C 


0.9800 


CI 0B— HI OF 


0.9800 


OlA— C11A 


1.205 (3) 


OIB— CUB 


1.209 (3) 


02A— C11A 


1.331 (3) 


02B— CUB 


1.317(3) 


02A — HI OA 


0.834 (10) 


02B — HI OB 


0.92 (4) 


03 A— C14A 


1.235 (3) 


03B— C14B 


1.235 (3) 


04A— C14A 


1.285 (3) 


04B— C14B 


1.286 (3) 


C11A— C12A 


1.510(3) 


CUB— C12B 


1.514(3) 


C12A— C13A 


1.514(3) 


C12B— C13B 


1.518(3) 
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C12A— H12A 0.9900 

C12A— H12B 0.9900 

C13A— C14A 1.516(3) 

C13A— HI 3 A 0.9900 

C13A— H13B 0.9900 

C9A— N1A— CIA 123.1 (2) 

C9A — N1A — H1NA 116(2) 

CIA— N1A— H1NA 120 (2) 

C5A— N2A— H2NA 123 (2) 

C5A — N2A — H3NA 123 (2) 

H2NA— N2A— H3NA HI (3) 

N1A— CIA— C2A 119.7(2) 

N1A— CIA— C6A 118.1 (2) 

C2A— CIA— C6A 122.2 (2) 

C3A— C2A— CIA 117.1(2) 

C3A— C2A— H2AA 121.5 

CIA— C2A— H2AA 121.5 

C2A— C3A— C4A 123.5 (3) 

C2A— C3A— H3AA 118.2 

C4A— C3A— H3AA 118.2 

C3A— C4A— C5A 120.5 (2) 

C3A — C4A — CI OA 121.4(3) 

C5 A — C4A — C 1 OA 118.1 (3) 

N2A— C5A— C4A 122.1 (2) 

N2A— C5 A— C6A 1 1 9.9 (2) 

C4A— C5A— C6A 118.1(2) 

C7A— C6A— CIA 118.4(2) 

C7A— C6A— C5A 123.1 (2) 

CIA— C6A— C5A 118.6(2) 

C8A— C7A— C6A 120.6 (2) 

C8A— C7A— H7AA 119.7 

C6A— C7A— H7AA 119.7 

C7A— C8A— C9A 119.3(2) 

C7A— C8A— H8AA 120.4 

C9A— C8A— H8AA 120.4 

N1A— C9A— C8A 120.6 (2) 

N1A— C9A— H9AA 119.7 

C8A— C9A— H9AA 119.7 

C4A — CI OA — HI OA 109.5 

C4A — CI OA — HI OB 109.5 

H10A— C10A— H10B 109.5 

C4A — CI OA — H10C 109.5 

H10A— C10A— H10C 109.5 

H 1 OB — C 1 OA — H 1 OC 109.5 

C11A— 02A— H10A 112(2) 

01A— C11A— 02A 123.7(2) 

01A— C11A— C12A 124.7(2) 

02A— C11A— C12A 111.64(19) 



C12B— H12C 0.9900 

C12B— H12D 0.9900 

C13B— C14B 1.519(3) 

C13B— H13C 0.9900 

C13B— H13D 0.9900 

C9B— NIB— C1B 123.3(2) 

C9B— NIB— H1NB 121 (2) 

C1B— NIB— H1NB 116(2) 

C5B— N2B— H2NB 121 (2) 

C5B— N2B— H3NB 122 (2) 

H2NB— N2B— H3NB 1 1 2 (3) 

NIB— C1B— C2B 120.0 (2) 

NIB— C1B— C6B 118.1 (2) 

C2B— C 1 B— C6B 1 2 1 .9 (2) 

C3B— C2B— C1B 117.9(2) 

C3B— C2B— H2BA 121.1 

C1B— C2B— H2BA 121.1 

C2B— C3B— C4B 122.9 (2) 

C2B— C3B— H3BA 118.5 

C4B— C3B— H3BA 118.5 

C3B— C4B— C5B 119.9(2) 

C3B— C4B— C10B 120.7 (2) 

C5B — C4B — CI OB 119.4(2) 

N2B— C5B— C4B 120.9 (2) 

N2B— C5B— C6B 120.2 (2) 

C4B— C5B— C6B 118.9(2) 

C7B— C6B— C IB 1 1 8 . 1 (2) 

C7B— C6B— C5B 123.5 (2) 

C1B— C6B— C5B 118.4(2) 

C8B— C7B— C6B 121.0(2) 

C8B— C7B— H7BA 119.5 

C6B— C7B— H7BA 119.5 

C7B— C8B— C9B 118.9(2) 

C7B— C8B— H8BA 120.5 

C9B— C8B— H8BA 120.5 

NIB— C9B— C8B 120.5 (2) 

NIB— C9B— H9BA 119.8 

C8B— C9B— H9BA 119.8 

C4B— C10B— H10D 109.5 

C4B— C10B— H10E 109.5 

H10D— C10B— H10E 109.5 

C4B — C 1 OB — H 1 OF 109.5 

H10D— C10B— H10F 109.5 

H10E— C10B— H10F 109.5 

C 1 1 B— 02B— H 1 OB 1 1 1 (2) 

0 1 B— C 1 1 B— 02B 1 24. 1 (2) 

01B— CUB— C12B 124.5(2) 

02B— C 1 1 B— C 1 2B 1 1 1 .4 (2) 
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C11A— C12A— C13A 113.97(19) 

C11A— C12A— H12A 108.8 

C13A— C12A— H12A 108.8 

C11A— C12A— H12B 108.8 

C13A— C12A— H12B 108.8 

H12A— C12A— H12B 107.7 

C12A— C13A— C14A 112.12(19) 

C12A— C13A— HI 3 A 109.2 

C14A— C13A— H13A 109.2 

C12A— C13A— H13B 109.2 

C14A— C13A— H13B 109.2 

H13A— C13A— H13B 107.9 

03A— C14A— 04A 123.7 (2) 

03A— C14A— C13A 120.2(2) 

04A— C14A— C13A 116.2(2) 

C9A— N1A— CIA— C2A -178.1(2) 

C9A— N1A— CIA— C6A 1.5(4) 

N1A— CIA— C2A— C3A -179.5 (2) 

C6A— CIA— C2A— C3A 0.9 (4) 

CIA— C2A— C3A— C4A 0.5 (4) 

C2A— C3A— C4A— C5A -0.7 (4) 

C2A — C3 A — C4A — C 1 OA 178.9 (3) 

C3A— C4A— C5A— N2A 178.7 (3) 

CI OA— C4A— C5A— N2A -0.9 (4) 

C3A— C4A— C5A— C6A -0.5 (4) 

CI OA— C4A— C5A— C6A 179.9 (2) 

N1A— CIA— C6A— C7A "1-9(3) 

C2A— CIA— C6A— C7A 177.7 (2) 

N1A— CIA— C6A— C5A 178.4(2) 

C2A— CIA— C6A— C5A -2.0 (4) 

N2A— C5A— C6A— C7A 2.9 (4) 

C4A— C5A— C6A— C7A -177.9 (2) 

N2A— C5A— C6A— CIA -177.5 (2) 

C4A— C5A— C6A— CIA 1.7(3) 

CIA— C6A— C7A— C8A 0.9 (4) 

C5A— C6A— C7A— C8A -179.5 (2) 

C6A— C7A— C8A— C9A 0.7 (4) 

CIA— N1A— C9A— C8A 0.1 (4) 

C7A— C8A— C9A— N1A "1.2(4) 

01A— C11A— C12A— C13A 0.9(3) 

02A— C11A— C12A— C13A -178.4(2) 
C11A— C12A— C13A— C14A 177.1 (2) 

C12A— C13A— C14A— 03A -31.2(3) 

C12A— C13A— C14A— 04A 150.7(2) 



CUB— C12B— C13B 113.5(2) 

CUB— C12B— H12C 108.9 

C13B— C12B— H12C 108.9 

CUB— C12B— H12D 108.9 

C13B— C12B— H12D 108.9 

H12C— C12B— H12D 107.7 

C12B— C13B— C14B 112.63(19) 

C12B— C13B— H13C 109.1 

C14B— C13B— H13C 109.1 

C12B— C13B— H13D 109.1 

C14B— C13B— H13D 109.1 

H13C— C13B— H13D 107.8 

03B— C 1 4B— 04B 1 23 .4 (2) 

03B— C14B— C13B 121.0(2) 

04B— C14B— C13B 115.60(19) 

C9B— NIB— C1B— C2B 179.2(2) 

C9B— NIB— C1B— C6B -0.8 (3) 

NIB— C1B— C2B— C3B 179.9 (2) 

C6B— C1B— C2B— C3B -0.1 (3) 

C1B— C2B— C3B— C4B -0.1 (4) 

C2B— C3B— C4B— C5B 0.1 (4) 

C2B— C3B— C4B— CI OB 178.8 (2) 

C3B— C4B— C5B— N2B -178.4(2) 

C10B— C4B— C5B— N2B 2.9(4) 

C3B— C4B— C5B— C6B 0.1 (3) 

C10B— C4B— C5B— C6B -178.6 (2) 

NIB— C1B— C6B— C7B 1.6(3) 

C2B— C1B— C6B— C7B -178.4 (2) 

NIB— C1B— C6B— C5B -179.7 (2) 

C2B— C1B— C6B— C5B 0.3 (3) 

N2B— C5B— C6B— C7B -3.2 (4) 

C4B— C5B— C6B— C7B 178.3 (2) 

N2B— C5B— C6B— C1B 178.2 (2) 

C4B— C5B— C6B— C1B -0.3 (3) 

C1B— C6B— C7B— C8B -1.1 (3) 

C5B— C6B— C7B— C8B -179.7 (2) 

C6B— C7B— C8B— C9B -0.3 (4) 

C1B— NIB— C9B— C8B -0.6 (4) 

C7B— C8B— C9B— NIB 1.1(4) 

01B— CUB— C12B— C13B 12.1(3) 

02B— CUB— C12B— C13B -168.0(2) 
CUB— C12B— C13B— C14B -173.8(2) 

C12B— C13B— C14B— 03B 17.2 (3) 

C12B— C13B— C14B— 04B -164.3 (2) 
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Hydrogen-bond geometry (A, ") 



D—U-A 




D — H 


n-A 


D-A 


d — n-A 


NIA— H INA- 


•044 


0.88 (1) 


1.78 (1) 


2.667 (3) 


111 (4) 


N1S— UlNB- 


04B 


0.97 (3) 


1.71 (3) 


2.664 (3) 


170 (3) 


02A—H10A- 


■■04A 1 


0.83 (2) 


1.69 (2) 


2.520 (2) 


176 (3) 


02B—UIOB- 


04B 1 


0.93 (4) 


1.60 (4) 


2.525 (2) 


179 (4) 


~N2A — U2NA- 


-03A" 


0.99 (5) 


1.97 (5) 


2.931 (3) 


163 (4) 


~N2A—H3NA- 


■02B lti 


0.93 (4) 


2.11 (4) 


2.937 (3) 


149 (3) 


N23 — U2NB- 


-02A" 


0.87 (3) 


2.22 (3) 


3.037 (3) 


157(3) 


N23 — U3NB- 


■03.5" 


0.87 (3) 


2.14(3) 


3.001 (3) 


172 (3) 


C7A— W1AA- 


•03^ u 


0.95 


2.42 


3.343 (3) 


165 


C9A—U9AA- 


01 A™ 


0.95 


2.37 


3.271 (3) 


158 


C1B—U1BA- 


•03.5" 


0.95 


2.31 


3.253 (3) 


169 


CW—mBA- 


■03B V 


0.95 


2.51 


3.323 (3) 


143 


C9B—H9BA- 


■04B V 


0.95 


2.52 


3.388 (3) 


153 



Symmetry codes: (\)x+\,y, z; (ii) x, y+l, z; (iii)x-l, y+l, z; (iv) -x+l, -y+l, -z; (v) -x+l, -y+l, -z+1. 
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